


PREFACE 

The ct 'ket~ ot' the naturil hpitce envirctnrtwnt on spxccraft design. develc~pmetit. and operation 
iur: the topic' of a series of NASA Reference Publications* cumnt ly  king &veto@ by the 
Eftxrro~nagnet ic\ ittld Aercfipirce Env trimtwnts Branch. Sy \terns Anal y sik and Intcgrat ion 1,atwratory. 
Marshall Spicc Flight Center. The objective of this wries i s  to increase the u~ukrstanding of nattiral 
qxrtc't' environments (neutral therrno\phere, thennal, plasnla. mereowid and wbita! dehris. solar. ionizing 
radiation. geomagnetic anti graviiaticmal fields t and theit- effects i,n sprtcecriff. therchy cnahling prograin 
m s n q m e n t  l o  mtwe effectively minimize program risks and costs. optimize dcsign quality. and achieve 
mission objectives. 

This primer. sixth i n  the series. describes the interai%bns &tween a spac-ecraft and the space 
en-r.ircmment w ~ u l t i a g  tiom t k  intluefltx of wiar  activity. Under certain conditions. these i n t e r x t i t m  
result in s ipn i t bn t  ctTms 1w thc prfwtnsnce of a spacecraft. Thus. this publication describes simw of 
these eff'wis and presents key wiar activity elements of the aolw environment responsible for then. 

See NASA RP f 350 for an overview of eight natural space environtnents (itlciuding solar 
environtwnt-solar activity) and their effects on spacecrdft. 

* NASA Reference Pubiic;iliims Naturd Space Environments Series. availabte from the Marshall Space 
Flight Center Electromagnetic!, and Aurospace Environments Branch. inc!ude the following: 

'-The Natural Space Environment: Effects on Spacecriti." James. B.E. Nonon. O.A.. Jr.. and 
Alexander. b.B.. November 1994, NASA RP 1350. 

"Sp'dcecraft Environments Interxrions: Protecting Against the Effects of Spacecraft Charging." Herr. 
J.R.. and McCollurn. M.B.. Novemhcr 1994. NASA RP 1354. 

"El~xtronic Systems Failures and Anotnalics Attributed to Electromagnetic Interference." Leach. R.D.. 
and Alexander. M.H.. July 1995. NASA RP 1374. 

"Failures and Anomalies Attributed to Spacecraft Charging." Leach. R.D.. and Altxitnder. M.R.. 
August 1995. F A S A  HP 1375. 

"Sprtcecrilti System Failures and Anomalies Attributed to the Natural Space Environn~ent." 
Bedingfield. K.l ... Leach. R.D., and Alexander, M.H., August 1996. NASA RP 13%). 
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REFERENCE P1JBLIC'A'I'ION 

SPACECRAFT ENVIRONMENTS INrl'KWAC'TI0NS: 
SOIAR n<wvrw AND EFFECTS ON SPAC:M:HAFT 

The natural \paw environn~cnt refers t o  the environment as i t  occurs independent of thc presence 
o f  a spacecraft: thus. included are both naturally occurring phenomena such as atolnic oxygen ( A 0 1  and 
atmosptwric dcn\ity, i o n i ~ i n g  radiation. pla4ma. etc.. and :I tkw niitn-rnudc factor\ wc.h as orbital debris.' 
Solar activity. nianife\ted i n  the emission by  the Sun of' signiftcant amounts of mass ii11d energy. affecrs 
the local solar environment and the cxtcnded solar environnient i n  tcrrcstrial space. Figures i n  the 
appendix of this document l i s t  the natural \pace enviwnn;ents f including solar cnvitu)nment-solar 
activity) and major area?; of inter:tction w i th  \pacc.cruti syctc~~is.  

Understanding the n a t u ~ r l  space cnvironn~ents and their effects on spacecraft enables progmm 
nlrrnagcrncnt t o  more ctfectivcly opritni7c the t idlowing ;tspccts of' a mission: 

Risk-Increasingly. cxpcricncc on post missinns i s  enabling N A S A  to  provide stutistical 
descriptions of' important environlnental factors. thus enabling the nlanager t o  make inti)niied 
dcci\ions on design options. 

Cost-Sclcction of' dcsign concepts and mission profiles. cspccia:ty orbit inclination iincl 
altitude. which n i i n i m i ~ e  adverse environmental impacts. i s  the first iniporr;tnt step toward a 
simple. effective. high-quality spacecraft dcsign and low opcriitional co\t\. 

Quality-New environment sirnulators and models provide effective tcnds for optimizing 
suhsy\ten~ designs and m i s h n  opemtions. 

Weight-Consideration of cnvironniental effccts carly i n  the mission dcsign cycle hclps t o  

niinimi~t. weight impact\ at later s tag* .  For ex:unplc. carly consideration ~ I 'd i rcc t iona l i ty  
eftc.ct\ i n  thc orhital dchris i ind ioni r ing radiution environments could lead t o  reduced 
shielding w i g h t s .  

Verificiition-A unified. coniplctc environtnents description coupled \kith a clear mi\sion 
prol'ilc provides a wuncl bash for analysi\ and test requirement\ i n  the vcril ication process and 
c l im in i r tc~  contradictory. unncccswry, iind incomplete p e r f m w m x  a w w m e n t \ .  

Sciciice ilnd Technology -The natural space environincnt is not static. Kot  only i s  our 
understanding impro~~ ing .  hut also new things occur i n  nature that h a w  not k e n  ohwmwJ 
h e t i w  (lix cxample. a new transient radiation belt recently encountered). Perhap5 more 
in~portantly. cngincering technology is  constantly changing and wi th  this. the susceptibility of 

~pacccraf i  t o  t'tn irontncntal l'actolx. Early consiclcralion of these f';lcIor\ i\ kc)' 1 0  ~ ' o ~ ~ v e ~ g i n g  
quickly on a quality system design and lo succussfully achieving ~niss ion ohjcc.tives. 



This primer provides an overview of the solar environment and thc key role i t  plays regarding the 
space cnvironn~ent relative to  the design and operation of spacecraft for low-Earth and geosynchronous 
orbits and deep space trajectories. A n  understanding of the scope and role of solar activity i s  nccded 
because i t s  effects are a serious engir~eering concern for spacecraft operating i n  terrestrial space. 

The region of terrcstrial spiicu (fig. I ) extends fiom the basc of the ionosphere (about k m  
abovc the surface of the Earth) to  the boundary of the tnagnctosphurct beyond which interplanetary space 
i s  unaffected by thc ~ a r t h . '  This distance is about 95OW km abovc the wrfacc of the Earth ( I h Earth 
radi i)  i n  the su~,ward direction and wveral  times (hat i n  the anti-sunw.ml direction. Although the region 
is Icw)sely referred to  as the mrrgnctosphere. strictly speaking, this term nwans the (major) part of 
terrestrial space into which the fh-th'h magnetic t ieid  extend^.^ 

Figurc I. Scheruatic view of t c r r c h a l  ~ ~ i 1 c e . j  

Processes wi th in terrestrial space are partially controlled by level of solar activity that varies 
more o r  less cyclically wi th an rrvcrilge pcri(K1 of 1 I yc i~rs  (f ig. 2) .  The clectromagnctic radiation emitted 
by the Sun varies (although not much i n  the visible portion o f  the spectrum) as does the solar wind. the 
w l a r  magnetic field. and the production o f  solar cosmic rays. Although the exact level of' w l a r  activity 
cannot be predicted accuri~tely. the phasc within the I I-year pcritxl can hc. established. I n  dd i t i on ,  
plasma. radio noisc. and cncrgcric particles tend t o  be emitted I'rom localized rcpionh on the Sun's 
wrface. These regions and some coronal features persist longer than the w l a r  rotation period of27 d+ s. 

Sincc these affecl the Earth only when thcy face it. enhanced solar activity can be estimaled 27 or morc 
7 days i n  adv;~nce.- 
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Despite documented x~kri~il'ic observations of the exisrencc ol'cyclic behavior since invention of 
the telcscopc in thc 17th ccntu~-;i. the regular variation of solar activity, known as rhc I I -year sunspot 
cycle. was not d i w w r c d  i ~ n t i l  thC mid- 19th century. Perhaps the e;~rliesr recorded phyaicid e l tc ts  of' 
solar itctivity o n  mankind wcrc intcr~nitrcnr tclcgraph outages in the late 1850's. Not until the 1940'4: 
wcie systematic wientit'ic che r t  ations ot' particulate emission, from the Sun tnadc at ~ a r t h . ~  The ctkcl, 
on communicutions. and subaequcntly spucccriti. have 4gnificantiy increased awarencs\ of  the kcy rtik 
variations in w)l;tr ucrit ity play in the cnginccring and operation 0 1 '  \pacscral'r systems. 

Elements of solar activity. d r r  activity inllucnccs on the space environment. solar activily 
effect5 on spacecraft. and prediction of wiar activity are d i s c u s 4  in the following sections. 
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Neutral Atmosphere 

Solar activity affects Earth'\ neutral atnmsphcrc at t inual ly  a l l  altitudes. A> one might expect. 
wriat ions i n  the neutrd atmosphere itre more dramit ic  and occur on  >honer t ime wales w i th  increasing 
altitude. indeed. order-of-magnitudr. variations i n  the neutral atmosphere density can occur at altitudes 
where low-Earth satellites orbit. T h c w  c.eft:cts h a w  significant q x r i t i o n a l  consequences o n  satellites 
orbiting through low-altiiude regions. space vehicles reentering the atmosphere. and systems tracking 
and monitoring satellites and space debris. Also, variations i n  composition. particularly i n  highly 
reactive constituents such as AO. can have important impacts on  survivability and operation of space 
systems. Although solar cycle variation i n  A 0  is not significant at altitudes below ahout 2 0 0  km. the A 0  
concentration at higher altitudes (SO()  to  80 km)  can vary over the w l a r  cycle by a factor of 1000. H igh 
concentrations of A 0  can react chemically w i th  various surfaces of a spacecraft o r  sensor. and can lead 
t o  mass loss from external structures and degrade sensor performance.4 

The most dominant aspect of solar variability that leads to rncdulation of upper atmospheric 
parameters is the Sun's outpr?t ot'mdiation i n  the extreme ultraviolet wavelength band. A l l  w l a r  extreme 
ultraviolet t lux incident on  Earth's atmosphere is absorbed within the uppermost l a je r  of t l ~  atmosphcre 
(thermosphere). Over an I I-year solitr itctitlity cycle, the solar cstreme ultraviolet emission varies hy  a 
factor of ahout 2 i n  integrated intensity (compared to 4 2  percent variability in l ight output i n  visible 
portion of the spectrum). Thih t aristirm i n  irradiance can cause whctanti;ll solar q c l c  \ ariations i n  the 
compositictn. temperature. d e m i ~ ? .  i w d  u ~ n d  distribution of Earth', t h r l r n ~ o ~ e r e .  D e w i l y  variation i, 
.+own in  tigure 8 .  

Enhanced geomagnetic activity correlated wi th  solar activity i \  another (though secondary) 
mechanism b y  which the upper atmokphere of the h n h  i\ intluenced by variations i n  solar activity. 
Geomagnetic effects of Ea11h.5 upper atmosphere tend to he isolalcd to the high-altitude regions and 
more sporadic and epistxiic than global effects o f  long-term \ariahilit> i n  the Sun's cxtreme ultraviolci 
e m k i o n .  The principal effect of georn;tgnetic activity on the ncutt-;I] atmohphere i\ tntcnw l o c a l i d  
warming o f  the upper atmosphere i n  the polar and auroral region>. Thi \  warming is  caused by kinetic 
heating from the precipitation ~ ) f  cncrgetic charged particle\ and hy Joulc heating f'rom enhanced 
ionospheric current\ i n  the aut-oral /one.' 

Ionosphere 

Earth's ionosphere is a relatively thin layer of partially i o n i ~ e d  111rrgneti7ed plasma extending 
from about 80 to  500 km altitude. Typical plasma densities i n  the ionosphere range from 1 0 '  t o  lo5 per 
cubic centimeter. cornpared wi th neutral densities o f  about 10' t o  10 '"  pcr cubic centimctcr. Because of 
stnmg coupiing between the ionospherta and Sun. Earth's atmosphcre. and magnetosphcrc, thc 
phenomenology of the ionosphere i s  coitqAex and under \cientific invt'\tigation for years. To categor ix  
the various physical prtx.csst.\ th;tr g o t w n  ionospheric \tructurc. the iolto\phcrc is subdivided irtto two o r  
thrce layers i n  altitude. tuo or three /one\ in Ii~titudc. and scpanrted tv day or night.4 
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Figure 8 .  Typicd air mass density profilcs at high and low solar activity.' 

Magnetaspheric Plasmas 

Thc high-altitudc ionosphere is linked strongly to  the magnetosphere by the gcolnagnetic field, 
and its variations arc driven mainly by geomagnetic activity originating in the magnetwphere. Figure 5) 

show\ a noon-midnight meridian cross scction of the typical configuration of thc geomagnetic field 
within the magnctospherc. The interaction o f  solar wind, which flows at oupcroonic \peed (250 to 800 
kids )  relative t o  Earth, with magnetosphere causes the formation of a bow shock at distances of about 
20  Earth radii up\tream. Thc rcgion of hot colnpressed solar plasma between the how shock and 
boundary of thc riiagnt'rosphert. (the magnetopause, i h  the magnrto~heath. S i x  of the magnetosphere 
variex greatly and i \  deterniined mainly by a halance between solar wind dynamic pressure and magnetic 
p r e w r e  within the n ~ a ~ n e t o s p h e ~ - e . ~  



Solar Wind + 

Magnetospheric Knergetic Particles 

Variation4 i n  karth's tr:~ppt'd cncrpetic particle en\ ir-onr~icnt C ~ ~ I W J  by w l a r  activity arc 
charactert~ed b y  variations of gcomagnt.tic activity. Fluxe\ of approxiriiatelp mega~electro~ivol t~ (.MeV ) 
C I C ~  trons i n  the outer /one ofF,arth'\ rd ia t i on  hclth arc known to i~ tc reaw by two to three ordcrs of 
ma, nrrude i n  respr)n\e l o  ;I gcornagtwtic htorni. I'hcsc !lux incre;i\ch can last two  or three weeks 
foil w i n g  the w r m .  Vxiat ions of thc trappcd cncrgttic electron t'nvironmcnt maximize i n  the heart of' 
thc. outtar ittne. ahout ' 5 Earth radii distance. Modest t luct~at ion4 are oh4erved deenrr i n  the radiation 
belts in req.ponsc to ~nc. ~ n o s l  extreme geomagnetic Wrms .  Onc ,)i' the first clfccts o f  u gcomagnctic 
storm o ~ ~ s c t  i s  an cncrgctic electron tlux decrease. Major  storms. howcvcr. produce enhanced fluxes of 
~nergt ' t ic  electrorlh i n  rhc outcr /one (internal to :; hynchronouh orbit ). Thus. the et'fcct\ of \olar actit ity 
include prc~mpt. direct cffccts frotll cnhiinccd I r v d s  of solar ultraviolet. X ray\. and energetic particle\. 
Indircct l.t't;.cth ofenharlcetl geoni;qticlic activity arc cawed by intcr;rction hctwecn the \o!ar- u i n d  and 
terrestrial n~agnctosphere-ionospht'rr-;~t~nosphttre system. -i 



SOL AH ACTIVITY EFFECTS ON SPAC'KC'HAFl' 

Solar activit} ha\ a crit icol i~npact  on  tnost c l c~~ ien ts  within the ambient cnvironmcnt a s ~ ) i t c ~ ~ r i ~ t ' t  
experience\. Variations i n  \ol;ir activity impact thc uppcr atmosphere (thermosphere density Icvcls. 
overall t h c r ~ i u l  cnvironincnt. p l : ~ w u  density Icvels. ~nctcoroid\/orhit;tl tfehri\ Icvel\. severity o f  ionizing 
radiation. and characteristics o f t h e  Earth's tnagnctic field. The solar cycle i i l so  impacts mihsion planning 
and operation activities. For rxamplc. when solar activity is high. ultraviolet radiation f rom the Sun heats 
and expands the Earth's upper atmosphere. increasing atmospheric. drag and orbital dccay rate o f  
spacecraft. Solar tlares. a major contributor to the overall radiation environment. can ;dd to  accuniulatcd 
radiation d o w  ievels ,.nd \ingle event phenomena that affect electronic systems. I 

The priinary operational clti3ct o f  variability o f  the upper atmosphere i s  neutral density on  
satellite dl-ag. Short-term \:ariation> in density. which occur during gconragnctic event\. perturb the 
orbital  notions o f  satellite\ and lead to diff iculties in tracking and catrtloging objects at low-orbit 
.Atitudcs. 'l'hcsc 41ort-rc1m perturbations lead a lu)  to uncertainties i n  position for rccntry of orbiting 
vehicles. Long-term variation\ i n  at~nospheric dcnsity. such as those drivcn by  solar cycle variations i n  
the extreme ultrat,iolt't irradiancc. havc ordcr-of-miigilitudc cffects on the lifetime of satellite\ in low-  
Earth orbit (I.EO). Figure 10 is an c x a ~ i p l r ~  o f  wtell ite l i fct ime as a function of F solar l lux  for 

4 lo 7 circular orbit at u r i o i t \  init ial allitudck. 

Orbital Decay Time VS Solar Flux-Explorer Series 
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Figawe 10. Satellite l i k t i ~ n c  vcrrus sol;~r llux.' 



Many spacecraft surt'acc materials are susceptible to attack by  AO. a major constituent o f  the 
LEO thern~osphcrc region. Due t o  photo dissociation. oxygen varic.\ wi th altitude and solar activity. 
Simultaneous exposure to ultra\ iolct radiation. micromctcoroid/dcbris damage. sputtering. o r  
contamination can aggravate A 0  ctfkcts and lead to  serious deterioration of mechanical. optical, and 
thermal properties of sorne rnaterial .surfaces. A related phenomenon that may bc of concern tiw optically 
sensitive experiments is spacecraft glow. Optical emissions are generated f rom metastable molecules 
cxcited by  impact on  the spacecraft surface. Investigations show that the surface act\ as a catalyst, thus, 
intensity depends on type of surfuce material.' 

Dur ing heightened solar activity, three principal elcmcnts of thc natural space environment atrack 
spacecraft w i th  increased vigor. Anlbient plasmas charge spncccraft surfaces and cause arc discharges 
across thc vehicle. High-energy electron\ pnc t ra tc  a spacecraft and bui ld high chargcs i n  insulation on 
coaxial lines. Protons and other charged particles disrupt computer memories or  even damage the 
slructurc of' semiconductor n.ticrwt.lc.~ti-orlics.~ Spacecraft damage also includes decreased power 
production by solar arruys, failure 01' \ensitive electronics. increased background noise i n  sensors. and 
radiation exposure to n~eniber\ ol' the c-rcw. Modern electronic\ arc. becoming increasingly sensitive t o  
ion i l ing  radiation.' 

The geomagnetic field inlluences motions ol'particles within the Earth'\ orbital environment and 
deflects incoming high-energ) particlcs a\sociated with co\tnic r a p .  These high-energy particles ma? 
chargc spacecraft wrfaces. causing t l i lure of o r  interti.rencc with. \pacecraft cp te tm.  Due t o  dipole 
field geometry. the n~agnetic t'iclcl strength of'the Earth i s  lowest o \ e r  the so,~rhern Atlantic Occan. This 
cauws a higher concentration 01' trapped radiation i n  the region. I n  the vicinity ol' this ani,mirl~ a 
 pacec craft may encounter electronic\ "upset\" and in\trutncnt intcrkrcnc-e. An accurate depiction 01' the 
geu~nagnetic field i s  nccdcd t o  properly size magnetic torquers used i n  the guidance.. navigation. and 
control xy\tc.rn of a xpacecrrrft. ' 

Cicomagnetic storms, di\turbances i n  thc geomagnetic tield la.\ting one o r  more days, may affcct 
orbiting rpucccrat't. During rr gco~nagnetic storm large numbers o f  charged particles are durnpcd from 
the rnagnetocphcre into the Earth'\ i~trnosphere. These particles ionlzc and heat the atmosphere through 
collicions. The heating i~ t ' i n t  oh\cr\c.cf rninutcs to h o u n  al'ter thc magnetic disturbance bcirins. Thc 
eft'ects of geomagnetic heating cutcnd I'ro~n 30() k in  to well  ovcr I000 hln and may persist !Or X to 
12 hours after the disturbance cndx.' 

Orbit ing through this ioni/ccl portion of' the uttnosplierc. i t  \pacecraft may he subjected to an 
unequal t lux o f  ions and clcctrons and devclop an induced charge. Plasnln l lux to  thc spacecraft surhce 
can charge the su t iaw and disrupt operation o f  electrically biased instru~nents. In LEO vehicles travel 
through dense but low energy p lawla  that tiegatively ch i i rp~s  then1 hecuusc their orbital velocity is 
grcatcr- than the ion thcr~nal  vclocity hut slower than the electron t h e r n ~ d  vclocity. Thw. electrons can 
impact a l l  surtuce\: ions can inipact only ram surt'~lccs. LEO spacccrirt't have charged to thousands o f  
volts hut charging at geosynchro~~ous c h i t s  is a greater concern. i.c.. biased surfaces. such as solar 
rtrruyz. can all't3c.t the tloating pownfial. Magnitude ol'chargc depends on the type of'prounding 
contiguri~t ion used. Spacecral't charging m;~y cause t h i n g  o f  instrument readings, arcing that upsets 
\en\itivc elc..wonics. incrcirsed c i ~ r r e ~ ~ t  collection. rctractiot~ of c-ont;trnin;~nt\, ion sputtering that 
accelerates erosio i~ ot' ~ilntcrialx. and other electrical disturbance\.' 



The most severe spircecrati wrt'ace-charging events (and resulting electtustntic dischari- ,s) tetld 
t o  ( u w r  i n  the midnight-to-i :wn local t iwc  sector. when \paczcrati cncountcr h igh l luxc\  of hot dr i l i inp 
plasma sheet electrons. The probability o f  occurrence and severity o f  sp;tcecwSt churging c\,cnl\ arc 
directly correlaretl u i t h  periods ot 'cnhi~nccd gco~iiagnetic encrgization. S c t w e  charging c \ w t s  tend to 
occur during equinok. u i ~ , ~  geo\ynchronous vehicles enter i ~ n d  exit Ei~t+th eclip\e c)ncc citch day 
(genmagncric storms also show scrtsonal ~nodulatioti). In sunlight photculectron [ lux emitted l'roni the 
spacecraft tends to balance current front the surrounding plasma. During eclipse a spacccrali cmno t  emit 
a photoelectron flux t o  balance the hot electron current from plasma. thus. clectricirl charging of thc 
vehicle to \t'veral kilovctlts i\ po\\iblc. Upon exiting the eclipse various surface material\ discharge at 
difkrent rutc\ irncl crcatc the pohsibility of large differential potentiiirh and discharges hctwcen external 
spacecrafi componcnrs.4 Table I g i t u  additional consequences o f  major solar activity cvcnts. 

Table I. Examplcs 01' some conxc.qucnce~ of' tnqior solar activity evc.ntsh 

Earth and Space Systems: 

"Hitx" on deep \piice sarcilitus (e.g.. Magell;rn and Gali leo) 

F;~ilurc\. serious power panel degradation. and lesscr problent\ on gzosti~tionury \atcllitc\ 

N;rvipirtiort satellite \ i p d  prohlctm l'rom t l ~ l l - g ~ ~ ~ ~ t ; i t ~ ~ ) t t i t r ~  orbit 

Laow altituilc s;rtellites turnbling and s c n w  problcms 

Energetic Particles: 

Geomagnetic Field: 



YRF,I)ICTION OF SOLAR ACl'IVITY 

Solar activity e fkc ts  on \pacecraft include orbital l ik t in le.  materials. control. communications, 
charging. thermal. \hielding. power. particlc impacts. etc. The o p t i m i m  design t'or a \pircccraSt would k 
to operationally accommodute the nritural space environment re\ulting from the most intense solar 
activity conditions expected during i t \  l i k t ime .  Since the n ~ a x i i n u n ~  solar activity that may occur is ill) 
unknown. this i\ not possible. E w n  if' one did know, i t  would not be economically o r  engineerinply 
feasihlo to bui ld such 3 spacecrilf~. Thus, whi le deriving the best practical design requirements for the 
natural en\iironmcnt, i t  i x  \ t i l l  operationally important to obtain the best predictions possible, \hart- and 
long-term. of anticipated environmental conditions due to solar activity. 

Given the resources available. predictors o f  solar activit> arid the naturitl s p x c  e n v i r ~ n ~ n e n t  do u 
commendable job. Present predictions. however, are of ien insull'icient f i~r customers to take specific 
mitigation actions or  make \pecific planning decisions. Requirements fix prcdiclions. alerth. and 
warnings are established by  the u4ers o f  these services. Few current requiretnents are fu l ly  met; some arc 
not met at all. Nowcasts refer to thC I'u\ion of al l  available observirtions into a coherent and reidistic 
rcpre4entation of the state of the natural space environment at the time of the observations. 
Synchronizing and merging the divcrsc observational data sets posc significant scientific and technicid 
challenge\. Sophisticated. physiC+ha\rd models i i w  needed to fill areah with n o  observation\. Today's 
solar activity and natural \pace ~ i iodc ls  arc just starting to approach this pa l . '  For cxaniple. i n  rnuch the 
same way as meteorologists hate d r \ d o p e d  criteria for  prohahlc tornadic activity within the Earth's 
a~n~osphcrc. solar sc ient i~ t \  ;NC ~ i luh ing progres+ tt,,, ,A predictrr,g sires for flare activity on the Sun. A \  
more i\ learned about the Sun'x bchavior, realistic modeling and accurate predictions o f  the Sun's future 
behavior can be expected. 

Correlation hetuccn solar aclr\.ity and d i~ tu rha~ icc \  i n  the near-Earth mugncto\phcrc. ionosphcrc. 
and atmosphere i\ well  docun~cntcd. 1:nti~rtunately. very ti.w long-tcnn quantitative predicrions can hc 
made regarding the exyccred cft'ects of an extrcliic solar rnaxi~nuni  on the near-Earth envir fwnent  or  
complex \ystenir opcruting i n  I~;II cnt  ironment. Scitnt i f ic knoult.dgt. and practical experience gained 
have yct t o  yield an adequate stu-01'-theart c i t pab i l i t ~  fitr \hurt-tcrni prediction\ ol'occurrence o f  
geonlagnetic stonnx h i ~ d  on real- t i l i~c t)h\er\.ations of w l a r  actit ity. Howcvcr. progrc\\ i\ k i n g  rnaclc 
i n  !hi\ and a nurnhcr c)l'itnportant qualitarivc prediction\ ilrc rnade wi th high con f i c i~ncc .~  

The regular modulation ol' the w l a r  cycle has been r e p ~ i ~ I c d  \uSSiciently Sur many i n \ . ~ ~ t i g a t o r \  t o  

identify patterns i n  thc nctit i t )  cyclt.4 and form the basi\ Sor \ la t i \~ ical  predictions o f  future w l a r  
activity. Unfortunately. the cycle-to-cycle coherence i n  magnitude ol'solar activity i s  insulficicnt lo y w l d  
predictive capabilities with high conl'idcnce level\. Furthermore. cvidcncc cxi\ts for very long-term 
trends i n  solar activity. which Icitd\ wmc. to believe they arc viewing a continually changing Sun. 
Perhaps nwst importantly. L irtual ly al l  predictive capabilities published to date (w i th  exception of a tew 
techniques based on the solar modci) are statistically based rathcr than physically based: they rely on 
observed (statistical) patterti\ i n  the data rather than a quantitative unclcrstanding of the phy4cal 
niechanivns that cauw modulrition ot' \olitr activity:' 



At present. no rcliahlc short- o r  long-range nicrhod\ of' predicting \ol;~r i t~t ivi t \ '  cxist. The 
difficulty i\ illustrirted by the wide range of' predictions made f o r  the last solar cyclc and those 
developing lilr the upcomiilg cycle. Hecause ot'thc wide range of predictions. spanning nearly the full 
extent of'obwr\t.d \un\por ~ ~ n h c . r \ .  o ~ ~ t .  would cripcct some ot'tlic techniques to yield by purc ch;incc 
the correct value."' Onc te\t. however. doe\ not prove that a clctcrministic nicthcxi will work in the 
future. Due to the in~portancc of solar activity thr spacecraft dcsign and operation. the warch for tnorc 
rcliahlc physically based prcdict~on mc~dels and statistical niodels with better conl ' ide~u hounds should 
continue vigorou\l y. 

Variability of the wlar cycle ha\ becn statistically Jescrihcd using a proxy pariitnctcr, the 
i0.7-cm solar radio Ilux (F , , ,  ,). The En\ironmc.nts Tern of the Matahall Space Flight Ccnrer 
Electromagnetics and Aerospace Eni ironments Branch estitiwtcx and publislic\ ;I rnon~h l~  wlar activity 
memorandum that gi\.cs intern~cdirrte (~nontiis) and long (years) range e\lilmiites of the 13-n~onlh 
smoothcd \due fur both the 10.7-c1~ \;hr radio llux and the g~o~~ i i i g~ ie t i c  ;ictivity index ( A  ,) with 

J 
asxcxiatcd confidcnclt hounds. This infi)rtnaticw is provided primarily for ttw as input data tor upper 
i t t t l lo\ph~t i~ nicdel~ t o  inwrc co~npiitihility in cdculntions niadc f i w  \pacecrafi orbital liti'tirnc 
prediction\. 



For optimum etl'iciency ;lnd cffectiveness. definition o f  the tl ight environment is  important very 
early In  thc design cycle ot'a spircccruft. From cxpcricncc. the carlicr the environments specialist 
k c o m c s  involved in  the design process. the less potential exists for negative environmental impacts 
(redesign, work-arounds. ctc.) on  the program. Key \teps i n  dci ining solar activity and the role i t  plays i n  
the space envir~t ln lent  dcfinit ion and interpretation l'or a particular program include the following: ' 

Definition of'thc solar environment is critical. Since dcl'inition depends on  orbit of the 
spacecraft and phase ot the w l a r  cycle (solar activity ). rnvironmcntal t t t c t \  should hc 
revi twed prior t o  final orbit wlection. 

Dctcrmination of environmental l imi t ing t'ilctors is  next. Not  a l l  effects o f  the space 
ct~vironmcnt crit ically impac.1 a particular mission. Thc cnvimntncnts specialist prcscnts 
environn~cnr;tl l imi t ing t i c t o n  and offers design or operation solutions for a program. This 
requires a closc working relittionship i lmong the environments specialist. design team. and 
program managenlent . Once t tic I inl i t  ing factors arc detcrmi ned. trade studie\ arc w u l l y  
required to establish the appropriate fl ight environment. 

Coordination ol'cnvironmental requirements fol low\. At'ter definition of the space environtnc.nt 
and l imi t ing Factor\ comes c\tablishing a coor~ inated set ol' nati~ral space environment 
requircrncnts cornpatihlc u 4 h  the w l a r  activity inllucnce\. T h e w  requirement\ ilre derit-ed 
during thc definition phaw ittier much interitction among the desifncr\. devclopi i~cnt 
engineering \tilt?'. c n v i r o t v n c ~ ~ t ~  ~ p c i a l i s l s .  and prograni m;ln;lgcmenI. 

Interpretation o f  thew rquirct l lents by thc cnvir imnlrn(\ ~pcci i t l is t  cnwrcs Ihal the w l a r  
activity effects on thc S~XICC c n \ i r o n ~ w n t  hip rcquircmcnt4 arc understood throughout a l l  
p h ~ s  of a spacecrafi program. 

This pi-imcr pro\ idc\ an ovcrvicw o f  solar activity and 11s ct'ficr on  spacccrali dc\~gn. 
development. and operation. An undmtanding o f  solar activity and i t s  effects on the space environment 
enable\ program management ;tnd \pact. vehicle dc\igncr\ and operator\ t o  tnorc cffcctivcl!: niinimizc 
program risk\ and cost\. o p t i r ~ ~ i / c  design quality. and achieve t i ~ i w o n  objectives. Question\ or 
comment\ \hould be d i r cc~cd  t o  Ihc MSF(' Elcctrotnagnctic.s and Acro\pace Environment\ Branch. 
Steven D. Pearson, 205-544-2350. 
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